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ABSTRACT: Most computer system des igners  use a 
great  deal o f  in tu i t ion  in the des ign  process .  
I n tu i t ion  is  o f ten  used to  hand le  uncer ta in ty  
in des ign  parameters .  S ince uncer ta in ty  seems 
to  be in t r ins ic  to most des ign  problems i t  
fo l lows  that  des igners  w i l l  cont inue  to re ly  
on i , l tu i t ion  or  "sound eng ineer ing  judgement" .  
Th is  paper a t tempts  to use Bayes ian Dec is ion  
Theory to exp lore  the poss ib i l i ty  o f  se t t ing  
up a s t ruc ture  and theory  fo r  making des ign  
dec is ions  in the computer system des ign  env i r -  
onment wh i le  exp l i c i t l y  tak ing  the in tu i t i ve  
nature  o f  many des iBn dec is ions  in to  account .  
We sha l l  focus  a t tent ion  on a par t l cu Ia r  p rob-  
]em in d i s t r ibuted  data base des ign  in wh ich  
the des igner  must use h i s  in tu i t ion  to  es t i -  
mate the load on the system which  he is  des igm 
ing .  S imi la r  Bayes ian approaches cou ld  be 
used in o ther  des ign  prob lems.  
1. INTRODUCTION 
I . I  Ov¢r@11 obiectlv~& This paper is concerned 
with che use of decision theory to model the 
design process in a computer system design. We 
shall focus attent ion on the design of certain 
simple d is t r ibuted data base systems, Systems 
are generally designed under two environments: 
(alAn ex is t ing  system does not perform sat is -  
fac tor i l y  on a given workload and a new system 
is to be designed to handle the ~ work- 
load. 
(b)No system exists and the projected workload 
is not known with certa inty .  
We shall be concerned with the second env- 
ironment. Our objectives in th is  paper are 
to~ 
(a) cope with uncertaint ies in projected dem- 
and (workload) in a rat ional  manner by using 
Bayesian Decision Theoretic tecniques, (Pratt,  
Ralffa and Schlal fer,  1965~, 
(b)develop models to evaluate various tradeoffs 
in certain slmple d is t r ibuted dat~ bases in a 
slmple yet quant i tat ive manner. 
Models are usua l ly  deve loped at  severa l  
leve ls  o f  deta i l .  Ana ly t i c  models are used to  
search a parameter  space rap id ly  wh i le  deta i l  
ed s imu la t ion  models are used to  obta in  more 
prec ise  es t imates  o f  jYStem char~ctPr l s t i cs .  
The number o f  poss ib le  des ign  conf igurat ions  
may be too la rge  (poss ib ly  o f  the order  o f  
100 mi l l i on)  to  use s imu la t ion  methods to  eva l  
uate  each conf igurat ion .  In th i s  paper we 
res t r i c t  a t tent ion  to  gross  ana ly t i c  des ign  
models .  
1.2A nua l l ta t ive  description o_~f the system 
This paper is concerned with the design of 
d is t r ibuted  process ing  networkd  w i th  s ta r  to -  
po log ies .  Though such networks  may be used in  
a var ie ty  o f  med ium-sca le  o rgan izat ions  we 
sha l l  concret i ze  the problem by cons ider ing  
the des ign  o f  a proposed network  fo r  a s ta te  
Mental  Hea l th  Mental  Retardat ion  (MHMR) agency 
The organ izat ion  cons is ts  o f  a cent ra l  o f f -  
ice and severa l  branch o f f i ces .  In the MHMR 
context ,  the cent ra l  o f f i ce  is  the s ta te  data  
process ing  headquar ters  and the branch o f f i ces  
are hosp i ta l s ,  mental  hea l th  eva luat ion  cent -  
e rs ,  schoo ls  and ha l fway  houses.  The geograph 
ical location of the central and-branch o f f -  
ices are f ixed.  The organizat ionls data proc- 
essing network supports many independent data 
bases corresporwlng to d i f fe rent  organlzationa] 
functions. For instance in the MHMR context 
the data bases supported may include a pharEa- 
ceuticaI data base and a mentally retarded 
persons sk i ] I s  data base. The NHMR agency is 
required to support a pharmaceutical function 
and a mentally retarded personls sk i ] I s  anal- 
ysis function and various other functions. 
The functions are independent in the sense 
that a given transaction pertains to one an~ 
on ly  one funct ion ;  there fore  a g iven  t ransac -  
t ion  u t i l i zes  one and on ly  one data  base.  ( In  
p ract i ce ,  the d i f fe rent  funct ions  are not  
s t r i c t ly  independent ;  however the la rge  maj -  
o r i ty  o f  the t ransact ions  are concerned wit~; 
on ly  one funct ion) .  
Each branch o f f i ce  car r ies  out  some or a11 
o f  the funct ions  car r ied  out  by the network .  
The dD.ta bases per ta in ing  to  a g iven  branch 
o f f i ce  are independent  o f  the data bases per -  
ta in ing  to  a I ]  o ther  branch o f f i ces .  In the 
MHMR context ,  a branch o f f i ce l s  data  base is  
concerned w i th  the pat ients  be ing  hand led  by 
that  branch o f f i ce .  A branch o f f i ce l s  data  
base w i l l  not  normal ly  conta in  in fo rmat ion  
about  pat ients  be ing  t reated  e l sewhere .  When 
a pat ient  moves f rom one branch o f f i ce  to  
another  h i s  f i l es  are moved w i th  him. A pa-  
t ient  Is l i ke ly  to  rece ive  t reatment  at  the 
same branch o f f i ce  fo r  a cons iderab le  amount 
o f  t ime before  he moves to  another  branch 
o f f i ce ;  hence the propor t ion  o f  t ransact ions  
wh ich  are concerned w i th  the movement o f  
f l i es  from one branch o f f i ce  to another  i s  
smal l  compared w i th  the number o f  t ransac -  
t ions  d i rec ted  towards  one and on ly  one 
branch o f f i ce .  There fore ,  we sha l l  assume 
that  a l l  the branch o f f i ce  data  bases are inde  
pendent .  
T ransact ions  generated  at  the cent ra l  o f f  
i ce  may access any data  base in the system 
s ince  the cent ra l  o f f i ce  has admin is t ra t ive  
author i ty  over  a l l  b ranches .  
A STAR NETWORK ~ ~ I ~  
figure z ~L  
BRA/vc  " 
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The data bases pertaining to the branch of~ 
Ices are therefere part i t ioned at two levels 
as shown in f igure 2: 
(a) data bases at d i f ferent  branches are ind~ 
pendent and 
(b)data bases corresponding to d i f ferent  func- 
tions are independent 
F UNCTION 2 FUNCTION J 
eJRANCH  RAAICH BRANO'I 
INDEPENDENT DATA BASES 
F igure  2 
1.3 Given parameters 
We are give~: 
(a) estimates of the rates at which transac- 
tions corresponding to d i f fe rent  functions are 
generated at each of the of f ices 
(b)distr ibut ions of message lengths and proc- 
essing times required by d i f ferent  kinds of 
transactions 
(c)a set of data processing systems from which 
we must select one for the central o f f i ce  
(d) for each branch o f f i ce  a set of data proc- 
essing systems from which we must select one 
for that branch o f f i ce  
(e) for each l ink  between a branch o f f i ce  and 
the central o f f i ce  we are given a set of 
communication l ines from which we must select 
one for that l ink .  
Est imates  o f  message length  and process ing  
t ime d is t r ibut ions  fp r  spec i f i c  k inds  o f  t ran -  
sact ions  are re la t ive ly  accurate  s ince  these  
es t imates  are usua l ly  obta ined  from measure-  
ments on ex is t ing  (poss ib ly  p ro to type)  system~ 
Est imates  o f  t ransact ion  process ing  ra tes  are 
based on pro jec t lons  o f  the fu ture  demand fo r  
data  process ing .  These es t imates  tend to  be 
so f t  In the sense that  a des lgner  is  genera l ly  
qu i te  unsure  about  h i s  es t lmates ,  s ince  de-  
mand may be In f luenced  by a var le ty  o f  fac tors  
inc lud ing  the economy, government  po l i cy  
dec is ions  and o ther  fac tors  over  wh ich  the 
des igner  has no cont ro l .  Fur thermore ,  d i f fe r -  
ent  members o f  the des i l ln  team may have s ign i -  
f i cant ly  d i f fe rent  es t imates .  Uncer ta in ty  
regard ing  load i s  p robab ly  the most common 
fnrm of uncertainty. However many design 
decisions, such as whether to choose one mem- 
ory technology or anothe~ deal with more fun- 
damental and more pervasive uncertainty. 
1.3.1 Estimatin~ demand 
The design/marketing team benefits from 
working with several possible scenarios, with 
the assumption that one of the scenarios wi l ]  
deve lop .  The "scenar io  space ~ is  usua l ly  con-  
t inuous ;  however fo r  computat iona l  t rac tab i  
l l ty  we sha l l  assume that  there  are on ly  a 
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smal l  number o f  scenar ios  to  be cons idered .  
In our  problem a g iven  scenar io  cor responds  to  
a spec i f i c  work load .  The des ign  team has the 
opt lon  o f  des ign lng  a system assuming that  the 
most p robab le  scenar io  w i l l  deve lop ,  or  o f  
des ign ing  s~stems fo r  d i f fe rent  scenar ios  and 
then s tudy ing  the behav lor  o f  a system 
des igned fo r  one scenar io  assuming that  some 
other  scenar io  deve lops .  The des i  group may 
a l so  dec ide  that  the degree o f  uncer ta in ty  is  
too la rge  to  des ign  a v iab le  system and that  
more accurate  data  i s  needed. In th i s  case 
the des ign  group must have a ra t lona l  scheme 
fo r  t rad ing  o f f  the  add i t iona l  cos t  o f  obta in -  
ing  more accurate  data  w i th  the improved des-  
ign that  w i l l  resu l t  f rom the bet ter  data .  
Bayes ian dec is ion  theory  suggests  the 
fo l low ing  reasonab le  way o f  hand l ing  the prob-  
lem. 
A l l  es t imates  regard ing  the fu ture  are sub-  
jec t ive  to some degree.  I t  i s  poss ib le  (and 
indeed necessary )  fo r  a des igner  to  ass ign  an 
pr io r i  p robab i l i ty  to  the occur rence  o f  a 
g iven  scenar io .  I t  l s  not  sa t i s fac tory  (and 
i t  has been argued that  i t  i s  i r ra t iona l )  to  
res t r i c t  a t tent ion  to  the most l i ke ly  scenar io  
or  to  the wors t  case scenar io ,  lhe  network  
des igned w i l l  depend upon the probab i l i ty  
mss igned to  the d i f fe rent  scenar ios .  Thus 
d i f fe rent  des igners  may ra t iona l ly  make d i f fe r  
ent  des ign  dec is ions  because they have d i f fe r  
ent  es t imates  o f  the probab i l i t tE . s  o f  occur r -  
ence o f  fu ture  scenar ios .  
We sha l l  assume that  a work load  is  complete -  
l y  spec i f ied  by the query  and update ra tes  
generated  at  each branch and cent ra l  o f f i ce .  
I f  there  are F funct ions  and B branches ,  the 
work load  (or  scenar io )  may be spec i f ied  by a 
4xFxB - tup le  : (update  and query  ra tes )  x 
(b ranch  and cent ra l  o f f i ces )  & (F funct ions )  x 
(B branches) .  In theory  any non-negat ive  
4FB- tup le  i s  a potent ia l  scenar io ;  however 
computat iona l  t rac tab i l i ty  fo rces  us to  res -  
t r i c t  a t tent ion  to  a smal l  number. 
P ro Jec t ing  demand fo r  comput ing  systems i s  
espec ia l l y  d i f f i cu l t  s ince  the demand i s  not  
Independent  o f  the speed w i th  wh ich  the system 
responds .  I f  the  system responds rap id ly  to  
a g iven  load ,  the load is  l i ke ly  to inc rease ,  
whereas i f  the system responds very  poor ly  
to  a g iven  load  the load i s  l i ke ly  to  decrease 
F igure  3 shows a poss ib le  load- response  t ime 
character i s t i c .  We sha l l  assume that  the 
system operates  on the re la t lve ly  f la t  por t ion  
o f  the load- response  t ime curve  and thus  the 
dependence o f  load on response t ime w i l l  be 
ignored  in th i s  paper .  
1.3.2 ~ ~etwork  co~t 
The total  cost of the network is generally 
not precisely f ixed;  typ ica l ly  the organiza- 
t ion is w i l l i ng  to spend more money on the 
system i f  In so doing the behavior of the sys- 
tem in terms of response tlme (for instance) 
improves substant ia l ly .  The design team is 
requ i red  to  obta in  es t imates  o f  some system 
ob jec t ive  such as response t ime as a funct ion  
o f  the to ta l  cos t  o f  the  system f igure  4. 
LOAD - RESPONSE TIHE ~,  
Management can chooee a ~u l tab le  expend i ture  
by s tudy ing  the cos t  - response t ime charact -  
e r i s t i c .  In Bayes ian terms (as w i l l  be d i s -  
cussed la ter )  the u t i l i ty  der iv ing  from the 
network  in terms o f  p ro f i t s  or  goodwi l l  has to  
be max imized .  
1.4 DesiAn var iab les  
\ The var iab les  that  we sha l l  work w i th  are 
l i s ted  be low.  
(1)The number o f  cop ies  o f ,  and locat ions  fo r  
each data base. Each branch o f f i ce  data  base 
fo r  each spec i f i c  funct ion  can be located  
e i ther  at  the branch o f f i ce  i t~  I f  or  at  the 
cent ra l  o f f i ce ,  independent  o f  the locat ion  
o f  a l l  o ther  data  bases.  
A branch o f f i ce l s  data base cannot  be 
s tored  a t  any o ther  branch o f f i ce .  We sha l l  
assume that  there  ls  on ly  one copy o f  each 
data base. The ana lYs i  s is  eas i ly  extended 
to mul t ip le  cop ies .  I f  a data base per ta in ing  
to a g iven  branch o f f i ce  Is s to red  a t  the 
branch o f f i ce ,  then t ransact ions  generated  a t  
the cent ra l  o f f i ce  wh ich  have to access the 
data base w i l l  have to t rave l  a long  the commun- 
I ca t ion  l ink ,  to the branch o f f i ce ,  get  
processed and poss ib ly  the rep ly  w i | ]  have to 
come back;  however t ransact ions  generated  a t  
the branch o f f i ce  I t se l f  resu l t  in no t ra f f i c  
a long  the communicat ion  l ink .  Converse ly ,  I f  
the data base per ta in ing  to m b~anch o f f i ce  Is 
s to red  at  the cent ra l  s i te ,  ~hen t ransact ions  
generated  a t  the branch o f f i ce  w, f i l  have o 
t rave l  a long the communicat ion  l ink  to the 
cent ra l  o f f i ce ,  whereas t ransact |o~ at the 
cent ra l  o f f i ce  I t se l f  do not  u t i l i ze  the 
communicat ion  l ines .  
(2 )Bandwldths  o f  communicat ion  l ines  between 
cent ra l  and branch o f f i ces  
High bandwidth  communicat ion  l lnes  resu l t  
In smal l  communI~at lon de lay  but  are expens ive  
I f  there  i s  a g reat  deal  o f  t ra f f i c  a long  
communicat ion  l inks  then h igh  bandwidth  l ines  
are requ i red  to ma inta in  sat i s fac tory  response 
t imes ,  The cos t  - bandwidth  s t ruc ture  o f  
communicat ion  l ines  o f ten  exh ib i t s  economy o f  
sca le .  
(3 )Process ing  power (bandwldths )  o f  data 
process ing  systems at  the cent ra l  and branch 
of f ices .  
We shall assume that the total  characteris-  
t ics  of a system are considered In computing 
Its bandwidth. T~s a syste~ consist ing ~ a 
CPU and a set of disks Is considered to be 
d i f fe rent  from another system consist ing of 
the same CPU and some other I/O subsytem. 
~ore expens ive  data process ing  systems resu l t  
In less  computat iona l  de lay .  
1.5 Th~ obiectIy~ function of ~h~ des i~ 
An objective of the design could be to 
minimize the average response time of a 
transaction. With th ls  objective funct ion, a 
network in which one branch o f f i ce  receives a 
response tlme of (almost) 0 minutes and In i 
which a s imi lar  branch o f f i ce  receives a resp- 
onse time of Imlnuee would be as good as one 
In which both branch of f ices  reeeive I /2  mln- 
ute average response times. In most environ- 
ments the la t te r  network would be generally 
prefereed~ Bayesian decision theory suggests 
methods to formally explain this  preference. 
The formallsm is based on ut i l l ty  theory, 
For each type of transaction ( for  inst~l~Ce~ 
a11 transactions which modify a given data 
base may be thought of as being of one type) 
We shall assign a u t l l l ty  to each response. 
Short responses w111 have greater ut111ty than 
long time responses, see flgure5 below. 
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Typica l ly  the u t i l i ty  of a ha l f  minute 
response minus the u t i l i ty  of a 0 minute 
response is greater than the difference 
between a i minute and cha l f  minute response. 
Thus a netwoF k In which two Identical branch 
of f ices had Identical mean response times of 
hal f  a minute would tend to have higher 
u t i l i ty  than a network In which one branch 
of f ice  had a mean response time of 0 and the 
other had response times of 1 minute" 
The d i s t r ibut ion  of response times ( and 
not mere|y ~he mean value) affects the 
expected ut~ l l ty .  Generally, given the same 
mean response time, d i s t r ibut ions  with smaller 
variance would tend to have higher u t i l i ty  
than d i s t r ibut ions  v~ith la rge  var iance .  Th ls  
Is shown in f igure  ~.  The pre ference  fo r  
systems w i th  smal le r  var iance  in response t lme 
a l so  f i t s  in  w i th  our  In tu i t i ve  expectat ion ,  
2. ANALYSIS 
2.1 Def in i t ions  
In th i s  paper we focus  on dec is ion -  
theoret i c  aspects  o f  the des ign~ we sha l l  
there fore  assume that  there  ex is ts  a queue ing  
model wh ich  der ives  the response t ime d is t r i -  
but ion  f rom g iven  system parameters .  
Hany d i f fe rent  d i sc lp l lnes  cou ld  be used 
to serve  t ransact ions  a t  the cent ra l  s i te ,  We 
sha l l  assume that  a cer ta in  propor t ion  o f  the 
cent ra l  p rocess ing  s i te  is  reserved  fo r  t rans -  
ac t ions  per ta in ing  to  a spec l f l c  branch o f f i ce  
Let  C be the capac i ty  o f  the cent ra l  computer  
in t ransact ions  processed per  un i t  t ime and 
le t  g~ be the proportion of the central comp- 
uter ~edicated to the b-th branch o f f i ce ,  
b = I , . . ,B  where B is the total  number of 
branches, and let  g, be the f ract ion of the 
cent ra l  computer  de~icated  to  process ing  
t ransact ions  generated  a t  the cent ra l  s i te .  
For the purposes  o f  comput ing  response t lme 
d is t r ibut ions  we sha l l  assume that  there  
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are B+I independent processors at the central 
s i te where the b-th processor has capacity 
~ .C transactions per uni t  time and Is dedl- ted to processing transactions by the b-th 
branch o f f i ce  for b = 1, . . ,B and by the 
central o f f i ce  for b=0. f igure 
Y 
VAR/ANC (RESPONb  
F  or¢ 6: 
We sha l l  so lve  the problem by a dyna- 
mic programming technique, i .e .  we shall opt i -  
mize the total  system by successively optima'- 
zing I nc reas ing ly  la rger  subsystems. 
Let the system support F functions. Thus 
a given branch office may have F independent 
data bases. Each one of the F independent 
data bases may be stored either at the branch 
Itself or a~ the central site. There are 
therefore 2 possible schemes for storinE the 
data bases pertaining to ~ given branch office. 
Since there are B branches there are a total 
of 
2 FB 
dlf~erent schemes for arrangln~ the different 
data bases in the network. 
Let there be L types of communication 
lines connecting branch and central offices, 
and H types of processors from which we must 
select one for each branch office and one for 
the central office. The number of possible 
configurations we need to consider is approx- 
imately 
(2FxLxM) B 
for  each scenario. I f  F=L=M=~ and B=I2 we 
have 
296 possible configurations to be 
analyzed for each scenario. This is in t racta-  
able and therefore better meahods are required 
Assume that the maximum processlngpower of 
a l l  the central s i te  systems under consider- 
ation Is C transactions per unl t  tlme; assume 
further  that the units are defined to be 
small enough so that we need only consider 
a l locat ion  of whole numbers of units to each 
branch o f f i ce  (rather than f ract iona l  umits) 
without s ign i f i cant  loss of accuracy. 
For each branch o f f i ce  b, we may consider 
a small number of possible v~lues ~or 
c b = C.g b 
the amount of central processing p~wer dedlcae 
ted to the branch o f f i ce .  Assume that c b is 
also integer. For Instance,we may wish to 
choose the optimal values of ck, while we know 
that the values should not be ~ess than LESS b 
and should not exceed MAX b. For each branch 
o f f i ce  we cons ider  2FxLxMx(MAXb-LESS ) 
b 
poss ib le  conf igurat ions  fo r  each scenar io .  
Let  
u l (b ,a , l ,m,c )  be the expected ut i l i ty  o f  
the t ransact ions  generated by the b - th  
branch o f f i ce  g iven  da~a base a l locat ion  "a"  
(which is  one o f  the 2F poss ib le  a l locat ions)  
communicat ion l ine  1 between the branch o f f i ce  
and the cent ra l  o f f i ce ,  system m at  the 
branch o f f i ce  and capac i ty  c of  the cent ra l  
computer ded icated  to the bpaMch o f f i ce ,  
g iven  scenar io  i .  Let  Pi be the probab i l i ty  
ass igned to scenar io  I .  
Def ine  
U(b ,a , l ,m,c )  = Pi x U l (b ,a , l ,m,c )  
2.2 The Algorithm 
Compute U(b ,a , l ,m,c )  fo r  each poss ib le  
b ,a , l ,m,c ,  I f  there  are N scenar ios  the 
complex i ty  of  th i s  computat ion  is  l inear  in N 
L,H,(HAX b - LESS b) and exponent ia l  in F. 
U(b ,a , l ,m,c )  i s  the u t i t i ty  to the b - th  branch 
o f f i ce  der iv ing  from the g iven  conf igurat ion .  
Hote that  th i s  va lue  is  dependent on the a 
pr io r i  p robab i l i tes  PI ass igned to scenar io  ~. 
Let  g (b ,h ,c )  be the maximum ut i l i ty  to the 
h - th  branch o f f i ce  g iven  a to ta l  expend i ture  
of  h un i ts  on the process ing  system at  the 
branch o f f i ce  and on the communicat ion l ine  
connect ing  the branch o f f i ce  w i th  the cent ra l  
s i te ,  and g iven  that  c un i t s  of  the cent ra l  
s i te  are ded icated  to the b - th  branch.  Let  
x. (1) be the cos t  of  the l - th  type o f  communi- 
c~t ion  l ine  jo in in~ branch o f f i ce  b w i th  the 
cent ra l  s i te .  Let  yh(m) be the cos t  of  the 
m-th type o f  system ~t the b - th  branch o f f i ce  
Then 
~(b ,h ,c )  = maximum of  U(b ,ao l ,m,c )  
over  a l l  a , l ,m such that  
Xb( l )+yb(m)  ~ h 
The complexity of th is  
computation is l inear in h and c. 
Compute g(b,h,cb for a l l  b,h,c. Note that the 
cost h Is assumed to be discrete and the units  
w i l l  have to be made large enough to result  
in computational t rac tab i l i ty ,  while they are 
small enough to y ie ld  su f f i c ient  accuracy. 
Let G(b,h,c) be the maximum sum of the 
u t i l i t i es  for  branch of f ices  1,2 . . . .  b, given 
that the total  cost of a l l  processors at 
branches 1 ,2 , . . ,b  and the cost of a l l  commun- 
cation l ines l ink ing  branches 1 ,2 , . . ,b  to 
the central s l te  do not exceed h, and given 
that there are c units of the processor at the 
cent ra l  s i te  ded icated  to hand l ing  t ransac -  
t ions  from branches 1 ,2 , . . ,b .  
By def ln l t lon~ 
G(1,h,c) = g(1,h,c) for a11 h,c 
and a11 c 
I t  l s  easy to ver i fy  that  
G(b ,h ,c )  = maximum of  
• G(b - l ,h  I , c l )+  
g(b ,h -h ' , c -c  I )  
over  a l l  poss ib le  h t ,c  I .  
Ne compute G(b ,h ,c )  as b goes from 1 to B. 
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The complex i ty  o£  th i s  ca lcu la t ion  Is l inear  
tn B,H and C where H Is the maximum cost  o f  
the system. 
Let V(K) be the maximum tota l  u t i l l ty  o f  
the ent i re  system as a funct ion  o f  the to ta l  
cos t  K o f  the ent i re  system. Let  A (c )  be the 
cos t  o f  the system at  the cent ra l  s i te  as a 
funct ion  o f  i t s  capac i ty  c.  Then 
V(K) = maximum over  a l l  c o f  
G(B ,K -A(c )ec )  
Th is  ca lcu la t ion  is  l inear  in  H and C. 
The funct ion  V(K) i s  the u t i l i ty -cos t  
funct ion  that  management can use to obta in  
su i tab le  des igns .  
An a l te rnat ive  way o f  p ick ing  a good 
des ign  is  to exp l i c i t l y  cons ider  the u t i l i ty  
o f  the money be ing  spent  on the system, ra ther  
than Inspect ing  the V(K) curve .  In th i s  way 
we t radeof f  the u t l l l ty  o f  the money be ing  
spent  on the system (wh ich  would be used fo r  
someth ing  e l se  I f  the system were not  bu i l t )  
w i th  the u t i l i ty  der iv ing  from the s~stem 
I t se l f .  
2.3 The cos t  o f  uncer ta in ty  
Management may w ish  to cons ider  spend ing  
more t lme and money to obta in  a more prec ise  
es t imate  o f  the load .  Bayes ian  techn iques  
prov ide  a ra t iona l  way o f  compar ing  the 
cos t  o f  obta ln lng  more accurate  data (per -  
haps by means o f  quest iona l r res ,  o r  by s tudy-  
ing s imimar  Ins ta l la t ions  e l sewhere , . . )  w i th  
the benef i t s  that  may accrue  from bet ter  data .  
Though there  ex is ts  a great  deal  o f  l i te ra ture  
ana lyz ing  th i s  t radeof f ,  we sha l l  res t r i c t  
a t tent ion  to a re la t ive ly  s imp le  bound= 
the exoected  ya lu~ o f  oer feet  l~format ion .  
I t  i s  use fu l  and in teres t ing  to compare 
th u t i l i t i es  o f  a system In wh ich  there  Is 
no uncer ta in ty  w l th  systems in wh ich  there  is  
uncer ta in ty .  Equ iva lent ly  we w lsh  to compare 
systems des igned g iven  jus t  one scenar io  w i th  
systems des igned g iven  severa l  scenar ios .  
C lear ly ,  i f  we knew wh ich  one o f  the scen-  
a r ios  was go ing  to deve lop ,  we cou ld  des ign  a 
system spec l f i ca l l y  fo r  that  scenar lo  and thus 
obta in  greater  u t l l l ty .  We sha l l  now address  
the quest ion= how much ut i l i ty  i s  los t  due to 
uncer ta ln tv?  
Let  V ( i ,K )  be the u t i l i ty  o f  the optimum 
network  des igned g iven  that  the i - th  scenar io  
w i l l  deve lop .  We cou ld  compute V( I ,K  ~ in the 
same way as shown above,  except  that ,p l= l .  
Then the expected  ut i l i ty  o f  the to ta l  system 
assuming that  we know wh ich  scenar io  w i l l  
deve lop  in advance i s :  |~(K) 
~ 'P I .V ( I ,K )  -'-'-'-'~(K) 
The d i f fe rence  W(K)-V(K) Is  the loss  o f  
u t l I i ty  due to uncer ta ln ty  regard lng  the 
system. I t  Is  the upper  bound on the u t l l l ty  
to be ga ined  by obta in ing  more accurate  data .  
I t  Is  more cor rec t  to de f ine  the va lue  
o f  per fec t  ln fo rmat lon  in the fo l low ing  way= 
Let Z ( i )  be the maximum ut i l i ty  o f  a system 
des igned g iven  that  the l - th  scenar io  w i l l  
develop~ Z(1)  Is  determined  by opt ima l ly  
t rad ing-o f f  the u t l l l ty  der ived  f rom the net -  
work w i th  the u t i l i ty  o f  the money spent  on 
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the system. Def ine  Z t =~'p  .Z ( I )  
C i 
The d i f fe rence  Z ' -Z ,  where Z is  the maximum 
ut l l l tyFbta lned  f rom the network  a f te r  cons id -  
e r ing  cos t  g iven  the probab i l i ty  d l s t r ibut ion  
over  scenar ios ,  Is the expected  va lue  o f  per -  
fec t  In~ormat ion .  
CONCLUSION 
Th is  paper has a t tempted  to  exp lore  the 
use o f  Bayes ian  dec ls ion  theory  to hand le  
uncer ta in t ies  In the des ign  process .  Though 
a great  deal  o f  work has been done In the 
Bayes ian  Dec is ion  theory  area ,  re la t lve ly  
l i t t le  has been done on ap~l ica t ions  o f  the 
theory  to comput ing  systems.  Th is  i s  p robab ly  
because the per formance  o f  comput ing  systems 
Is not  we l l  unders tood .  However,  Bayes ian  
theory  seems to have some potent ia l  to he lp  
in eva luat ing  t radeo~fs  invo lv ing  uncer ta in ty .  
REFERENCES. 
P ra t t ,Ra i f fa  and Sch la i fe r :  In t roduct ion  to 
S ta t l s t i ca l  Dec is ion  Theory ,  McGraw H i11(1965) .  
ACKNOWLEDGEMENTS 
The author  would  l l ke  to thank  the S ta te  o f  
Texas Department  o f  Menta l  Hea l th  and Menta l  
Retardat ion  fo r  suggest ing  the prob lem.  He 
would  a l so  l l ke  to thank Pro fessor  dames C. 
Browne o f  the Un ivers i ty  o f  Texas a t  Aust in  
fo r  h l s  he lp .  Thanks are  a l so  d~e to IBM 
T .d .  Watson Research Center  fo r  the t ime spent  
on th i s  p rob lem.  




IBR ANC HE 5 
2)£DIC A 7ED E U/V/IL£NI 
"/V/INI" COMPUTER5 
rt gur¢ 7 
